Very little is known about the impact of psychosocial stress on underlying biological mechanisms in African American lupus patients, although African American women display the highest rates of lupus. Due to the exposure of African Americans to a unique trajectory of stressors throughout the life course, it may be critical to understand the relationship between psychosocial stress and underlying biological mechanisms that influence disease activity and pathology in this high risk group. To begin to fill this research void, an evidence-based self-management program was piloted among a cohort of African American lupus patients participating in a SLE database project at the Medical University of South Carolina (MUSC). To assess disease activity, during each clinic visit, a history is obtained, and physical examination, phlebotomy, and urine collection are performed. SLE Disease Activity Index (SLEDAI) and Systemic Lupus International Collaborating Clinics/American College of Rheumatology (SLICC/ACR) Damage Index (SDI) scores are assessed at each visit. Disease data corresponding with data collection timeframes for each participant were extracted from the MUSC SLE Database to assess the effectiveness of the program. Several differences were observed between the intervention and control groups on symptoms pertaining to lupus activity, and many of these differences had large effect sizes. Our findings can be rapidly translated into improved delivery of health care and targeted trials/interventions with relevance to health disparities, and if widely implemented, morbidities and mortality related to lupus could be drastically reduced in African-Americans.
INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic inflammatory rheumatic disease that is characterized by autoantibody production and multiple organ system involvement, including a high prevalence of polyarthritis [1] [2] [3] [4] . SLE can lead to an array of clinical presentations, making it difficult to diagnose early [5] . In the United States, over the past four decades, SLE incidence has increased and claims one of the highest mortality rates among rheumatic diseases [6, 7] . Treatment for SLE patients can be complex and potentially toxic, yet some of these treatments have been shown to improve prognosis [8] . SLE can result in extreme joint discomfort, fatigue, and diminished psychosocial functioning [9] [10] [11] [12] . Complications from the treatment of SLE are also common, especially infections due to the use of immune suppressing medications, and adverse effects of corticosteroid use such as weight gain, osteoporosis, osteonecrosis, and accelerated atherosclerosis [13, 14] . Many of these side effects can lead to significant functional and emotional challenges [12] . Patients often experience a high degree of psychological symptoms, including anxiety, depression, mood disorders, and decreased health-related quality of life [15] [16] [17] [18] [19] [20] .
African-Americans have a 3-fold increased prevalence of SLE, generally develop SLE at an earlier age, experience more severe disease activity, frequency of complications, severity and overall prognosis of SLE, and have increased SLE-related morbidity and mortality compared with whites [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . In addition to managing disease-specific stressors, it has been suggested that African-Americans are exposed to a unique set of risk factors that lead to a pattern of cumulative disadvantage over time. High rates of unemployment, poverty, violent crime, incarceration, and homicide among African-American adults reflect this accumulation of disadvantage at multiple transition points during their development and across the life course [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . It is highly likely that early childhood exposure to segregated, economically impoverished neighborhoods created by institutionalized racism adversely affects child health and growth and sets the black child on a low education and economic trajectory that increases the risk of poor physical and mental health in adulthood [34] . Additional stressors include deprivation of resources and facilities, differential exposure to health risks in the physical environment because of economically disadvantaged neighborhoods and poor quality housing, higher costs of goods and services in deprived areas, as well as roles of social networks and social capital, which often give rise to peer pressure against academic achievement and in support of crime and substance use [31, 32, 35, 36] . Due to the exposure of African-Americans to a unique trajectory of stressors throughout the life course, it may be critical to address modifiable risk factors for SLE that may be further exacerbated by this trend in an effort to improve health status and reduce health disparities in this high risk group.
A large body of evidence has shown that health-promoting programs in stress management have been successful in helping people improve their health practices and related health conditions [37] . Such techniques have also resulted in short-term improvement in pain, fatigue, psychological function, and perceived physical function among persons with SLE [44, 45] . Although there is no generally accepted self-management program available for SLE [18] , two programs that have been shown to be successful in improving conditions in patients with arthritis are the Arthritis Self-Management Program (ASMP) and the generic Chronic Disease Self-Management Program (CDSMP). Each program incorporates six weeks of peer-led sessions ranging in disease-specific and more general self-help content. Both programs have demonstrated significant improvements in health distress, selfreported global health, and activity limitation, with trends toward improvement in self efficacy and mental stress management [43, [46] [47] [48] [49] [50] [51] . Consequently, numerous national agencies have recommended arthritis self-management education to complement medical care. Therefore, we piloted a validated stress management program in African American lupus patients and accessed measures of disease activity at critical junctures (e.g., baseline, postintervention, and three months post-intervention) to assess the program's effectiveness in decreasing disease activity and positively impacting various indicators of disease in African American lupus patients.
METHODS

Patients and Entry Criteria
Patients invited to participate in the Balancing Lupus Experiences with Stress Strategies (BLESS) study were African American systemic lupus erythematosus (SLE) patients attending rheumatology clinics at the Medical University of South Carolina (MUSC). All SLE patients met at least four components of the 1997 ACR revised criteria for SLE [52] , were 18 years of age or older, and had not previously participated in a self management program. The total number of individual patients with SLE followed by clinicians at MUSC was 1121 between 2009 and 2012. The total number of new patients with SLE seen by clinicians at MUSC between 2011 and 2012 was 176, of which 61% were African-American and 88% were female. Patients invited to participate in the proposed study were SLE patients participating in a longitudinal observational SLE Database at MUSC. There were 402 patients with SLE enrolled in the Database during enrollment in this study. Patients met at least four of the eleven American College of Rheumatology (ACR) Classification Criteria for SLE [52] . Patients in the Database were characterized longitudinally for disease activity and quality of life. The Database is web-based, allowing quick identification of potential participants in clinical studies since, as part of the informed consent process, participants are asked about future re-contact regarding other research studies. MUSC's SLE cohort is geographically diverse, representing more than 60 South Carolina and North Carolina counties. Of the 402 patients with lupus, 336 were African-American, and 218 were Gullah African-American from the Sea Islands of South Carolina and Georgia.
Intervention Recruitment and Randomization Procedures
Eligible patients from within this cohort were invited to participate by a mailed letter that described the study and in person, during regular clinic visits. Interested patients were randomly assigned to the intervention or usual medical care alone. Prior to study participation, subjects completed informed consent documents approved by the University of South Carolina (USC) and Medical University of South Carolina (MUSC) Institutional Review Boards.
Experimental group. Intervention activities consisted of six weekly sessions of the "Better Choice, Better Health" Chronic Disease Self-Management Program (CDSMP), developed by Stanford University and also offered in a variety of community settings (e.g., senior centers, churches, hospitals) [49, 53] . People with different chronic health problems attend together and support one another in making positive changes in their health. Workshops were facilitated by two trained leaders, one or both of whom were non-health professionals with a chronic disease themselves. Subjects covered included: 1) techniques to deal with problems such as frustration, fatigue, pain and isolation, 2) appropriate exercise for maintaining and improving strength, flexibility, and endurance, 3) appropriate use of medications, 4) communicating effectively with family, friends, and health professionals, 5) nutrition, and, 6) how to evaluate new treatments [43, 54] . It is the process in which the program is taught that makes it effective. Classes are highly participative, and mutual support builds the participants' confidence in their ability to manage their health and maintain active and fulfilling lives [43, 53] . Weekly sessions lasted approximately two hours and were and administered by trained leaders affiliated with the South Carolina Department of Health and Environmental Control (SCDHEC). Sessions were administered in a group setting with all of the patients randomly assigned to the intervention arm of the study attending the same sessions together. Sessions were scheduled at a location that was familiar to participants at times that were convenient for the entire group and refreshments were provided.
Control group. Control group patients received their usual care with the addition of a mailed book that provided tips for living a healthy life with a chronic condition [55] . Follow up phone calls were made to participants in both study arms in the period between intervention sessions to assess adherence in the intervention group and gauge general study satisfaction in both groups.
Measures
Data collected included demographic (age, sex, etc.), behavioral (healthcare utilization, coping strategies, etc.), and biological (saliva samples for neuroendocrine responses to stress) assessments (findings reported elsewhere). Pre-intervention measures were obtained. Immediately following the six-session intervention phase and then at four months post-intervention, measures were repeated. Those assigned to the control group completed post-intervention follow-up evaluations on the same schedule as those assigned to the experimental group. Specifically to assess disease activity, during each regular clinic visit a history was obtained (including smoking status and use of prednisone, immunosuppressive agents, nonsteroidal anti-inflammatory drugs [NSAIDs] , and/or hydroxychloroquine), and physical examination, phlebotomy, and urine collection are performed. SLE Disease Activity Index (SLEDAI) [56, 57] and Systemic Lupus International Collaborating Clinics/American College of Rheumatology (SLICC/ACR) Damage Index (SDI) [58] scores were also assessed at each visit. Disease data corresponding with our study data collection timeframes for each participant were extracted from the MUSC SLE Database to be included in analyses. Specific items investigated were 24 specific symptoms of disease activity including weight loss, fatigue, fevers, oral ulcers, malar rash, photosensitivity, vasculitis, other rashes, alopecia, lymphadenopathy, dyspnea, chest pain, Raynaud's phenomenon, abdominal pain, paresthesia, seizures, stroke, memory loss, depression, headaches, myalgias, muscle weakness, arthralgias and joint swelling, along with self-reported flares, captured by a single Patient Global Assessment question about presence and severity of lupus activity in the past month and a single numerical rating of disease activity on a scale of 0 -10 over the past three months with the 0 anchored by "no activity" and 10 anchored by "most activity". Self-reported flares did not require a medication change to be included in analyses.
Statistical Analyses
Thirty participants were randomly assigned to intervention and control groups. All participants were African American, 28 were female, and more than half either attended trade school or college (see Table 1 ). Two of the participants assigned to the intervention group did not attend any intervention sessions and were eliminated from all post-intervention analyses. In addition, several participants did not complete post-intervention questionnaires and were also excluded from analyses. Therefore, data were analyzed on 29 participants at baseline (N = 14 for control group and N = 15 for intervention group), 23 at post-intervention (N = 11 for control group and N = 12 for intervention group), and 22 at four months post-in- tervention (N = 12 for control group and N = 10 for intervention group). "Per-protocol" (or the elimination of any participants that did not complete treatment) rather than "intent-to-treat" (inclusion of all participants regardless of whether they completed treatment) analyses were undertaken due to missing survey data at specified data collection points from most of the excluded participants. Intent-to-treat analyses would have been suitable if excluded participants had completed the study (i.e., provided responses at specified data collection points), even if they did not receive treatments they should have (i.e., completed intervention sessions). Given participant dropout and the investigative nature of this study, statistical tests were deemed inappropriate to assess changes from baseline to post-intervention and at four months post-intervention due to violation of assumptions and low power. Therefore, descriptive statistics of selected disease activity variables at each collection point are reported along with measures of power and correlation. In addition, Cohen's (1988) effect sizes (d) were computed as a measure of power using the software program gpower [59] . Tables 2 and 3 , there were several differences between the intervention and control groups on symptoms pertaining to lupus activity. Many of these differences had large effect sizes. First, when looking at self-reported lupus flares in the past three months, members in the intervention group reported no change from baseline to intervention. To the contrary, participants in the control group reported slightly more lupus flares at Swelling in joints 1.1 ± 0.9 0.6 ± 0.9 1.1 ± 0.9 0.9 ± 0.5 1.2 ± 0.9 0.7 ± 0.9
RESULTS
Group differences from baseline to post-intervention. As can be seen in
Disease activity past 3 months 6.0 ± 2.8 4.3 ± 1.9 5.3 ± 2.6 5.6 ± 2.1 6.7 ± 2.2 6.3 ± 2.1 post-intervention. In assessing overall disease activity during the past three months, participants in the intervention group reported less disease activity at post-intervention than at baseline, while participants in the control group reported more disease activity (d = 0.66). Despite the overall disease assessments improving from baseline to post-intervention in the intervention group, many specific symptoms improved in the control group. More specifically, large effect sizes were witnessed between the control and intervention groups pertaining to the following symptoms: sores in the mouth or nose (d = 0.90), rash on cheeks (d = 0.63), other rashes (d = 0.90), dark blue or purple spots (d = 0.83), and shortness of breath (d = 0.76). With all these variables, individuals in the control group reported decreases in symptomatology while individuals in the intervention group reported increases.
There were a couple of specific symptoms in which participants in the intervention group exhibited better outcomes at post-intervention than participants in the control group when compared to baseline. When looking at muscle pain and pain or stiffness in joints, although both groups had increases in reported symptoms between baseline and post-intervention, participants in the intervention group had lesser increases (d = 0.64 and 0.82, respectively).
Group differences from baseline to post-post intervention. Most of the differences in lupus disease activity from baseline to four months post-intervention (post-post intervention) were consistent with those from baseline to post-intervention. As can be seen in Table 3 , the control group continued to report improvements pertaining to the following symptoms: sores in mouth or nose, rash on cheeks, other rash, and dark blue or purple spots. In addition, members in the control group reported decreases in seizures between baseline and post-post intervention while participants in the intervention group reported no change (d = 0.84). Still, individuals in the intervention group reported a decrease in lupus flares and participants in the control group reported an increase (d = 0.65). Likewise, participants in the intervention group reported lesser increases in overall disease activity compared to controls (d = 0.68).
Correlations between baseline and post-intervention. Correlations were examined between baseline and postintervention pertaining to lupus symptoms that had at least a moderate effect size (d ≥ 0.60). Overall disease activity questions (e.g., lupus flares and disease activity) were also assessed. While there were no strong associations between intervention or control group and symptomatology, as can be seen in Table 4 , all variables examined (except for lupus flares) had moderate relations.
DISCUSSION
This pilot demonstrated that a validated chronic disease self-management program to support and assist participants in finding practical ways to deal with pain, fatigue, and stress, as well as introduce better nutrition and exercise choices, new treatment options, and better ways to talk with doctors and family about health matters could improve indicators of disease activity in African American lupus patients. The intervention resulted in significant improvement in frequency of self-reported lupus flares, muscle pain and pain or stiffness in joints immediately following intervention activities and four months post-intervention. Overall, the control group reported slightly more lupus flares at post-intervention, while participants in the intervention group reported less disease activity at post-intervention than at baseline.
Specifically, participants in the intervention group exhibited better outcomes at post-intervention than participants in the control group in the areas of muscle pain and pain or stiffness in joints. Literature has shown that pain has been frequently reported as an unmet need by African American lupus patients [60] , so future intervention efforts should target strategies for sustaining positive health outcomes that have been observed in other areas [54] . Additionally, from baseline to four months postintervention, individuals in the intervention group reported a decrease in lupus flares and participants in the control group reported an increase. Likewise, participants in the intervention group reported lesser increases in overall disease activity compared to controls.
Overall, our results confirm findings from research done by other investigators, and support the importance of such an intervention. A large body of evidence has shown that health-promoting programs in stress management have resulted in short-term improvement in pain, psychological function, and perceived physical function among persons with SLE [37, 45, 49] . Additionally, psychoeducation [44] and graded aerobic exercise [61] have been shown to be useful in the management of fatigue. Although there is no generally accepted self-management program available for SLE [43] , the Chronic Disease Self-Management Program (CDSMP) adapted for this pilot has demonstrated significant improvements in health distress, self-reported global health, and activity limitation, with trends toward improvement in self efficacy and mental stress management [53] .
LIMITATIONS
Given that this study was an exploratory pilot, the small sample size will reduce generalizability of the results. However, since Cohen's d is a measure of the magnitude of the effect irrespective of sample size, we would expect a larger sample to improve the odds of significance, but would also expect the magnitude of the relationship to remain the same. Therefore, our results are still impressive in the domain of disease activity. In spite of a limited sample size, our findings fill a critical gap left by similar investigations that have not been racially representative. This study clearly demonstrates that comparable interventions may be effective or even more effective in more racially diverse populations. Additionally, our intervention was multi-faceted and combined elements of efficacy enhancement and problem solving. With our design, we cannot definitively separate the effects of each element. Further research with larger sam- ples that are racially representative and can be randomized into varying levels and elements of intervention is recommended to determine which kinds of programs work best, for which kinds of patients, and in which situations.
CONCLUSION
In summary, our pilot stress intervention improved indicators of disease activity in an understudied group. African American patients with SLE experienced significant improvement in frequency of lupus flares, muscle pain and pain or stiffness in joints. Our findings imply that comparable, if not more significant, gains in relevant health indicators are possible in African American patients when provided the opportunity to participate in such an intervention. This widely available intervention has the potential to reduce health problems and costs in a debilitating, management-intensive chronic disease in the population subset at the highest risk for the disease and should be more widely implemented and studied for more rigorously assess benefits.
